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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a pressure sensor capable of 
easily measuring pressure, which is very compact light in weight and has 
a simple construction, high durability, and low in price, and requiring no 
additional device such as cooling device even in s high temperature 
environment. 

SOLUTION: This pressure sensor can directly measure combustion 
pressure P of an internal combustion engine generated by burning fuel 
mixture of gasificated gas at a high temperature of 1 000° C or higher 
without additional device such as cooling device and output a charge 
signal which is in proportion to the pressure at speed of 1//s, so that the 
signal is converted into a voltage signal by a charge amplifier and it 
signal value is read out by an induced unit Pa of the pressure and at the 
same time combustion waveform for determining condition of 
combustion (normal or abnormal) can be monitored by a self diagnostic 
system. 
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A. Relevance of the Above-identified Document 

The following is a partial English translation of 
exemplary portions of non-English language information 
that may be relevant to the issue of patentability of the 
claims of the present application. 

B. Translation of the Relevant Passages of the Document 

See the attached English Abstract. 

[0004] 

[MEANS TO SOLVE THE PROBLEMS] 

In order to directly measure a state of a pressure 
peak generated in a combustion chamber of an 
internal-combustion engine, it is desirable that a pressure 
sensor be installed in the combustion chamber. However, 
since a temperature at which an air-fuel mixture burns 
exceeds 1000°C, the sensor per se needs to withstand high 
temperatures. A monocrystalline material, such as a 
crystal, lead zirconate titanate, or zirconic acid, which has 
been conventionally used as a piezoelectric element has a 
low Curie point (or temperature) of 320 to 550°C. A Curie 
point of a material differs from a melting temperature or 
melting point of the material, but means a temperature at 
which a crystal state of the material is changed by 
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increased temperatures to cause the material to lose a 
piezoelectric property. Needless to say, the material 
cannot be used at the high temperature generated when 
the air-fuel mixture burns in the combustion chamber. 
According to the present invention, a langasite 
(La3GasSiOi4) monocrystalline material having no Curie 
point is used to directly measure a state of a pressure 
peak generated in a combustion chamber. The 
monocrystalline material according to the present 
invention has a melting point and a Curie point as shown 
below. 



Monocrystalline Material 


Curie Point 


Melting Point 


Langasite (LaaGasSiO 14) 


No phase transition 


1470'C 



Fig. 3 shows a basic arrangement of a 
pressure-detecting monocrystalline piezoelectric element 
sensor according to the present invention. That is, in Fig. 
3, the pressure-detecting monocrystalline piezoelectric 
element sensor includes (i) two monocrystalline 
piezoelectric elements 1, (ii) an electrode 2, interposed 
between the two monocrystalline piezoelectric elements, 
which takes out an charge signal, (iii) a diaphragm 3 for 
transmitting force or pressure to the piezoelectric 
elements, (iv) an insulative material 4, and (v) a hosing 5, 
housing the piezoelectric elements and the insulative 
material 4, which is arranged so as to screw the entire 
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sensor into a cylinder head of an internal-combustion 
engine. As shown in Fig. 3, the pressure-detecting 
monocrystalline piezoelectric element sensor according to 
the present invention is arranged so that the two 
monocrystalline piezoelectric elements 1 are aligned in a 
direction in which a mechanical load acts, and the 
diaphragm 3 transmits a pressure fluctuation due to 
combustion to the piezoelectric elements so as to generate 
a charge signal, and the electrode 2 takes out the charge 
signal. 
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^iB«c**aw«#*Rbffl : rj:9ccbfc««2, # 

:***c*4. *«M«:j:*E*«ttas*B«E«R.-? 
: *>*»4H3«:^J:9«C2«t©*IS«E«3l»l*« 
«»»*^ff«rs*Wi«:»9S*, 5^77 5 A3 «: 
<fc 9 «l«cc <fc S EEjjgEW) £ EB3RT-&C £2 L *J*ft*€ 
$ */ *e>ttWft4t£ttB 2 TUX 0 at" J: 5 OC L tc 

[0 00 5 ] 

[fWB] E«*>*tt«K«««3&«EWR^Ccf¥fflr* 

Lra«e9fl»<D#fl[ (n. Pa, Kg f i?) cc^gcr 

- > r/KSB 4 is "COSiS*- - ft 

tt**wioc i zEEfj&mmimik&'mm** + 

i^J:OH^^»ft»«c/c^0 2(SO*W«ff (2 
=bn^o wil/clftt-gn >r : >-!f 6 K^x. etl/c 

*W#iE ( + ) (-) r*-5*>tt, smcfp 

JBT4^ffM*WEE (E8i) he 

4®8ttMos h7>i/X^*SU r2>f r >1f 6^C^ 

SftTtnyaEiurfflWi. ##Wiccj:£E^tfc 
Uiffl*ISJiE«*iF-b >i«i±«cas^ en/c * * -t?r 
> &r s ft x << > 4 ©rff^g^ -is > «c mtmzh * 

-fe > It <t * * - 7 > 7'(c 4 «J©d % ^t*«sai 
E*CC£9taEr4C<b#r#4. Uc^ot*EA^ 

S6*BE^ CC itSJtM L /c^aff^ L r ft*; $ * £ 



C0 0 0 6 ] 

[HSfcW H5t»«^ecj:SE**>1f*rt««M© 

> y > ^ k 9 ommm 1 o tcs*o 

To **9!CC<t4BE**>*tt«e»3W?aELai»E« 
*^*^T*c<fc{c<fcOH5<DJ:^tcE^;-fe>1fOjB 

MftEflBX^fcfEitrSCi^r**. C©«U3E«« 
K^ji4«««ftW«. «B««cJ:SE*ft?apP^-»* 

*i>±#;t6ft4#. r-fFy>yisnw, x>^>:/ 

»»DI«l«C»*r4EE*«*4KJ«L«:<C». 
Lfc*oT*»CCi4E*ra©**jEW«CWai©fc» 

Eft-^OH*ii*«:-}-4<fc5lsHEft1ftfflffiD-"^ (1-fX 
[0 00 7] 

[«?§©sai«] #»wtcj:4E/;H2>«rag#r/j^r 
*Trfe»^©^«fcsS»i*r«:«»«cE*»f 

^©IS 1 0mm 2 CCfc^Ll 50 b a rt^l C 
2 0 0 0 c c!g©Mf<Dx>i/> 

«/hs{bT*. »«cH0ftw»»o*s/^sttM rota 

«8«art©j|««IEOtt9J. «MS«JKO*x ^ iff 5 c i 
Wt5o *«IB«cj:4E*H2>*tt«ttjE©lt8l!liHI 

H (fT^Stt) , ««, Aft, »»3?»tc!Rtt*«4L 

«ca<sy» x > n - y *r o tttt ^ 7 > t> nn tm^m=t 



- * r S C <t #r * * or h ^ Z %$blC& 5 
^ISI^fc&OMBT («^h;u<D^o/c*o«/hii 

[B 1 ] 1 «c»0TEEIB*^O««Wft 

if ( + f) iMtm l tcm&tc&j-mmiczt&rz mm t 

^O^tt+q^TTKTo + X, + Y> +Z«ttSO^(4* 
[{32] ^ H s a E^l^l«:*for^lo?IO^cDtS« 

( - f ) fmm btcm£icm*$kwicft£-t 

m* i *rt3W»*t>* (2tti«=-*f) , ^mum 
@2 *ncc!^rE«brt»*©rjiit*ffi©««w* 

it ( + F) jWBHt/fc»*. **l«i«MIKPSffifC|i£ 
i/ciM q « 2 fSomMSgrgx 0 fflT C t tf~C % * . 
Ttt*>%£««R«ffi2 K 2 x - q Stifi 
tf-te>1f^«>^>y3«:6i2 x+q(Dlg«l^ 

[04] *^J«:J:^E^ffiffi^e B H Em^-fe>^ 
1 <2tfcl«=-#) &««2(cJ:0A£l/A:SW«n 

6, @5£ig£x7, Mo s h^>^X*8fCj:g*Jdc-r 
ft, ««2CC*»2x-Q3MJ«Lft:tt«^ur^ 

To > »j > 9 k 9 vmum i o tc*jc»r is^aojK 



»H)¥l*Q.-5 4 7-7 3 

[H6] EEmm* 1 CC»0rE8i^FS3OS«W^ < + 

ft&o + X. + Y, +ZlitSfi©5Jffi4Sr. %«c#CC 

B«C9i*i*«f©« (^liSg) USRTOAftS*** 
tfKcRHfctt< 5>*r!M hccfc^r- 8pC/N^ 

CH7 ] JEWR^i «c»br?|o»>3»i*i(D«Wfl»flr 
( - F ) #ft/B Lfc»£«c**©flffiK«£T £*flr£ 

toflffi- Q*J:af^iB©fflin«:«^"r*««r<o«tt 
^£*fcs*i£ 0 +x, +y, +zwisaco*ti*7}K 
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